of retinitis pigmentosa, retinitis punctata albescens, and chloroquine and also possibly mellaril retinopathy predominantly affect this cell layer (12, 13) . Several animal-model systems (14, 15) have clearly shown the pathophysiological significance of genetic pertubations of the RPE-photoreceptor outer-segment complex. Therefore, it is important to know the unique polypeptides of the retinal epithelium that make it so vulnerable to certain diseases. An important prerequisite for this is to establish the normal reference profile, the quantitative baseline values for these proteins, and the degree and source of variations.
Previous studies (7, 8) with 2D profiles of cultured RPE have identified actin and some cytoskeletal proteins. Here we extend these earlier studies by using more internal reference proteins, cataloging and measuring the amount and positions of over 100 proteins, and identiQying which of them are glycoproteins by using 3H-labeled sugar precursors in addition to a radiolabeled amino acid.
Materials and Methods

Cells, Radiolabeling, and Electrophoresis
Confluent primary cultures of human RPE were established and maintained as previously described (7, 8, 16) . We labeled 2 to 3 x i05 of these cells for 18 . Incubation was for 18 h, by which time incorporation was maximal. 2-D electrophoresis of samples containing about 250 000 or 500 000 rpm of 35S radioactivity, equivalent to about 4 to 8 g of total protein or 4 to 8 x i03 cells, was performed for both acidic proteins (isoelectric focusing, IEF, in the first dimension) and basic proteins (non-equilibrium pH gradient electrophoresis,
NEPHGE,
in the first dimension) as detailed previously (7, 8) . With the 3H sugar label, larger amounts of protein (27 to 80 g) were needed to load 400000 to 50 000 counts/mm on the gel, which also required three days to three weeks of exposure to x-ray film, especially with NPHGE gels and in the case of glycoproteins labeled with NAM. GAM was nine and five times more effective than NAM or fucose, respectively, in labeling glycoproteins to higher specific activities, irrespective of pool sizes or permeabilities.
Purified Acidic Proteins and Internal Standards
To establish the probable identity of certain of the proteins in the fluorograms, we co-electrophoresed 5 to 20 g of known,
highly purified, and highly conserved (i.e., very similar amino acid sequence between species) proteins with the [35Slmethionine-labeled proteins as was previously done with actin (8) 
Radioactivity Incorporated in Excised Spots
Before exposure of the Coomassie Blue-stained, dried gels to Kodak "X-Omat" film (7, 8) , we applied four reference spots, the positions of which we marked with a pencil. Each of these spots contained 8000 dpm of [35S]methionine. They were applied to the adjoining Whatman no. 3 filter paper, and the gel was then dried. The spots were used to aid us in precisely aligning the fluorogram with the dried gel. Approximately 60 to 70 defined acidic proteins, 31 basic proteins, four blanks, and four standard areas were outlined with black waterproof pen. These spots were excised with a scapel, placed on a backing of dental wax, and allowed to swell in glass scintillation vials, overnight, in 100 ML of water. Next, we added 1.0 mL of "Protosol" (New England Nuclear) and allowed the mixture to stand overnight, to extract the proteins. Finally, to ensure complete extraction, the vials were heated for 1 h at 60 #{176}C (22), allowed to cool, and 10 mL of "Econofluor" (New England Nuclear), a toluene-based cocktail, was added. Counting standards were prepared in the same mixture, with use of the same [SImethionine that we used to label the cultured cells. Thus, calculations of disintegrations per minute (dpm) include an additional correction for decay. Radioactivity was determined in a scintillation counter (Wallac OY, Turku, Finland) with an efficiency, without allowing for decay of S, of about 83%. The measured radioactivity (dpm) was expressed as a percentage of the radioactivity applied, of which we found about 70% enters the acidic IEF gel, in agreement with others (3, 23). This value is less for glycoproteins when [3Hlfucose or 13H]GAM is used as precursor; only 50% or 43% of the total label, respectively, enters the gel. Of the losses, 5 to 10% occurs during equilibration of the IEF gel. The rest is attributed to the failure of some basic proteins to enter the gels. For NEPHGE gels, about 38% of the S label enters the gel, whereas with [3HIGAM we could account for only 10% in the gel. Therefore, the contributions in terms of percent probably represent an underestimate of the actual values, aside from considerations as to variations in the amounts of methionine in each protein. We analyzed proteins from two or three gels derived from the same donor and gels from two or three additional donors, who were 57, 70, and 81 years old. The percent standard error of the mean (% SEM) was evaluated as described (24) to determine gel/gel variation. Donor/donor variation was evaluated by analysis of sample means by the t-test of significance.
Results
A representative
2D fluorogram ( Figure 1 ) shows approximately 600 acidic proteins derived from IEF gels that ranged in pH from 7.5 to 4.0 (left to right), with the majority of proteins having a molecular mass between 31 and 93 kDa. In addition, about 250 largely basic proteins were resolved in the fluorogram of the NEPHGE 2D gel in which the gradient ranged from pH 7.2 to 8.5 (right to left), although equilibrium was not achieved. Of the 850 proteins resolved, more than 100 (70 acidic and 31 basic) have been cataloged based on criteria described below and are designated in Figure 1 . The external molecular-mass markers shown represent an approximation within 1 to 15% of the average molecular mass and were used to calculate the apparent molecular masses of most of the designated proteins. The IEF dimension was divided into seven sectors (A-C for the basic proteins, D-G for the acidic) to minimize transecting major protein SpOts and to enable one to localize the designated proteins (Tables 1 and 2 ).
Further to identifr some of the major acidic proteins seen in Figure 1 , their co-electrophoresis with known, highly purified, and highly conserved proteins is shown in Figure 2 as Coomassie Blue-stained gels. a-Actinin, from commercial sources, shows variants in the IEF dimension which correspond to the rectangle-boxed area or spot 24 in Figures 1  and 2a . This more accurately defines this spot as having an apparent molecular mass of 100 kDa. The major cytoskeletal proteins-actin (labeled "A") or spot 11, or both-are marked in all of the gels as an additional reference. 2D gels of the purified proteins alone showed their homogeneity. In addition, externally added 31-kDa DNase, included during the preparation of the sample, is also noticeable (below spot 11) in some of the stained gels. Calmodulin migrates to a very acidic isoelectric point (p1 4.0); its known mass is about 17 kDa, and it corresponds to the triangle-enclosed proteins numbered spot 22 in Figures 1 and 2b . The cytosol retinal-binding protein (ca.&u3P) streaked in the IEF dimension, revealing several isoelectric variants of 33 kDa but one major form with a p1 of about 5.0, shown within the circle as spot 58 in Figures 1 and 2c . Calf-brain tubulin shows two major forms, a-(58 kDa) and -tubulin (which is more acidic at 56 kDa), that migrate around one of the major cytoskeletal proteins, spot 11, and are enclosed within the octagons, spots 10 and lOa of Tables 1 and 2 present a catalog of and quantitative data on more than 100 of the acidic polypeptides and basic proteins. Without being exhaustive, this list reflects special attention to those proteins whose probable identities are indicated in Figure 2 , to those major proteins related in part to intensities in the over-exposed fluorogram (Figure 1 ), and to some minor proteins-the last useful for approximating the lower level of sensitivity and the precision of this method in measuring radioactivity in the excised spots. The major measured protein is actin (spot 13 and 14) , which represents about 6% of the total incorporated radioactivity. Most of the actin (93%) was associated with the labeled /3,)'-actin isoelectric forms. The second-most-labeled protein is a filament protein, spot 11, which represents about 2% of the label. Proteins with as little as 0.03% of the total label, equivalent to about 1 ng, could be easily measured. Theoretically, this sensitivity could be increased 10-fold to 0.003%, or 0.1 ng of protein as calculated from background counts. Of the other identified proteins, a-and /3-tubulin (spots 10 and lOa) account for 0.4% of the total label counts; a-actinin (spot 24), 0.6%; calmodulin (spot 22), 0.09%;CRALBP (spot 58), 0.06%;and vinculin (spot 70), 0.1%. From previous studies (7, 8) spots 5, 5a, 6, 6a, 11, 20, 21, and 23 were more highly labeled in human RPE cultures than in cultured human fibroblast. 2D analysis of a cytoskeletal filament preparation that is insoluble in Triton X-lOOfhigh-salt solution enabled us to identifSr spots 11, 16, 17, 18 , and 25 as filament-associated proteins (8). Altogether, these 109 cataloged acidic and basic proteins account for about 24% of the total radioactivity.
The statistical evaluation (Tables 1 and 2 ) reflects the intra-and interdonor variation from gel to gel. The precision of these measurements is also affected by how well the spots are defined, aligned, and resolved, as well as the many other experimental manipulations.
For example, a-actin shows the largest % SEM because of its proximity to /3,y-actin. As a whole, the acidic and basic protein proffle gel/gel evaluations are the same (p = 0.05), with respective SEMs of 31 and 38%. The inter-donor variation averaged slightly higher (34 and 58%, respectively). The higher variation here for the basic proteins is caused by the relatively high variation seen for the proteins near the top of the gel and spots 8, 12, and 13. There were also about nine acidic proteins that were quite stable (Table 1, % SEM 10%) from donor to donor but not from gel to gel.
From these data we conclude that, for comparisons to show significant differences at the p 0.01, they generally must differ from the control mean by at least 88%. mass, estimated by using external molecular-massmarkers on two separate gels, showed a % SEM of 7.5 ± 6.4 (n = 30).
1Determinations were made from averages of two to four gels for each donor,from four donors.The % SD for each donor was 37.8 ± 20.5% to show gel variation. Radioactivityaccounted for in those basic proteins was 3.84% ± 2.04 (n = 4) of the total.
C Percentstandarderror of the mean for four donors is shown and averages 58.1 ± 22.6% to show donor variation. No age-related differences were apparent for the few donors of comparable ages we studied, nor did we see differences ascribable to the 18-h vs 24-h labeling time.
For cells labeled with 3HIGAM, the labeled glycoproteins (if it is assumed that the label lies within the oligosaccharide side chain) are resolved into approximately 150 proteins by IEF-2D and 17 to 22 spots by NEPHGE-2D ( Figure 3) . The over-exposed fluorogram shows about 12 very acidic and well-labeled polypeptides with apparent molecular masses generally exceeding that of the external marker of phosphorylase b, 92.5 kDa. Some of these glycoproteins (white numbers in Figure 3 ) are identified in the 2D pattern of [SImethionine-labeled polypeptides by double-label experiments (data not shown) and analysis of the excised spots for incorporated 3H radioactivity. These glycoproteins are also shown in Figure 1 , with data in Table 1 . This does not necessarily mean that the [35Sjmethionine-labeled proteins documented in Figure 1 and Table 1 are precisely the same as those corresponding to the glycoproteins in Figures 3 and  4 . They may in some instances be different proteins that simply happen to be in close proximity. Nevertheless, none of the basic proteins excised from NEPHGE-2D gels incorporated 3H radioactivity and so are probably not glycoproteins, as shown in Figure 3 . Actin and spots 24 and 11 are also shown as unlabeled references, since they are clearly seen in the equivalent Coomassie Blue-stained gel. There is a slight and as-yet-unexplained shift in the pH gradient towards the acid end of these gels; perhaps it relates to the age of the ampholines used. In any case, it does not greatly alter the relative migration of the proteins.
With I3Hllfucose as a more metabolically stable precursor (25) the extent of labeling is only a fifth that with I3HIGAM, and it reveals about 74 proteins in the IEF-2D fluorogram of Figure 4 . Many of the major very-acidic proteins labeled with I3HIGAM are also labeled with [3Hifucose, except for perhaps spots 6 and 66 (Figures 1 and 3 ). There are many differences in relative intensities of some spots as well as in the appearance of spots labeled with t3H]GAM and not with (3H]fucose-explained in part by differences in the extent of incorporation and specificity between the two precursors. I3H1NAM as a precursor shows an even lower level (oneninth) of incorporation into glycoproteins than does I3HIGAM. The IEF-2D fluorogram (Figure 4) 
Discussion
Our study has focused on establishing the optimum display of most of the proteins of human RPE cells in vitro by gel electrophoresis of both acidic (IEF-2D) and basic (NEPHGE-2D) polypeptides labeled with [35Sjmethionine, as others (1-6, 9, 26-29) have done with other human cell systems. After subjecting these labeled proteins to 2D electrophoresis we could observe about 850 proteins by fluorography. This number is not substantially increased by longer exposure of the x-ray film to the gel (3), and it falls below the number of proteins expected from mRNA abundances data (3). This suggests that in specialized cells the metabolically significant proteins, including post-translational modification, should number 3000 to 4000 (3). One means of extending the number of proteins visualized, as shown in this study (Figures 3 and 4) , is to highlight unique molecular components in minor proteins by using specific precursors, such as sugars, for glycoproteins.
This was especially true with [3HJglucosamine:
an additional 150 minor proteins were seen in the 2D fluorograms, most of which did not appear to correspond to ['S]methioninelabeled proteins. A similar approach (1, 2, 29) is to use mixtures of 14C-labeled amino acids, or [32P]orthophosphate for phosphoproteins.
The glycoprotein pattern seen with 13H]fucose ( Figure 4 ) as a precursor not only substantiated the presence of major acidic glycoproteins as seen when [3HIGAM was the precursor (Figure 3) , it was also similar to 2D analyses of fucosylated proteins of plasma membrane and microsomes derived from cultured rat-hepatoma cells (30), Chinese hamster ovary cells after lectin staining with 1251-labeled wheatgerm agglutinin for glycoproteins (31), and glucosaminelabeled glycoproteins Further to characterize and define the proteins of the human RPE 2D profile (Figure 1 ) we co-electrophoresed several purified, highly conserved proteins with [35Slmeth-ionine-labeled RPE proteins as was done with actin (8). This approach allows tentative identification (10) of these proteins, with confirmation to be supplied by use of the methods described above. Many of the proteins in this study ( Figure  2 ) are related to and interact with the cytoskeletal system of the cell. These include a-actinin (46), calmodulin (47, 48), a-, 13- tubulin (49, 50), and vinculin (21, 51, 52) . The other protein studied, caurn', was originally found both in the pigment epithelium and neural retina (53). This view was more recently corroborated by specific immunocytochemical staining of RPE and Muller cells of the retina (54). In cultured human RPE cells this protein may amount to 0.018 fmol per cell, or about 95 pmol per retina as calculated from Table 1 and from the estimated 5.15 x 106 RPE cells per human retina (11). This value is about one-tenth of that found in the bovine retina (53), a difference that may reflect differences in species and cell number as well as effects of culturing.
A catalog of over 100 of the 850 visible (35Slmethionine-labeled proteins was prepared (Table 1 and 2) for human RPE cells, fashioned after the Bravo and Celis (1,2) catalog for human cultured Hela cells, where 1266 polypeptides were detected with use of this same label. Although qualitatively similar, the 2D protein patterns differ quantitatively. For example, using those proteins of known or comparable identity (7, 8) , Bravo and Celis Res 1, 381-389 (1981) 
